In this paper, meander-line planar monopole antenna mounted on PCS/IMT-2000/WLAN handset for SAR reduction is designed. Frequency characteristics and SAR value optimized with various design parameters are analyzed and designed. Designed internal monopole antenna mounted on the handset is simulated. The 1 g and 10 g peak average SARs of the internal monopole antenna are 0.656 and 0.387 W/kg respectively. And the internal monopole antenna and external monopole antenna attached on the handset are tested. As a result, the 1 g and 10 g peak average SARs of the internal monopole antenna are 0.686 and 0.356 W/kg. And results the external monopole antenna are 1.33 and 0.812 W/kg, respectively. So the internal monopole antenna has a about 50 % reduced SAR value in comparison with external monopole antenna.
Introduction
With the rapid growth of mobile communication technique, wireless communication devices are more miniaturized and had multiband functions. And the antennas employed in mobile phones must have their dimensions reduced accordingly. The internal antennas have several advantages over conventional monopole-like antenna for mobile phones. They are less prone to damage, compact in total size and aesthetic from the appearance point of view. Hence, small and low profile structures such as the planar antenna that can be mounted on the portable equipment are becoming very attractive for the mobile communications. But, they must consider about EMC/EMI and SAR problem. In particular, if the handset antenna radiates the energy in the direction of the head then it will, as a consequence, increase the SAR. In this paper, we designed a novel compact internal planar antenna for multi-band operation covering the PCS, IMT-2000 and WLAN(2450 GHz) bands. Fig.1(a) shows the proposed antenna structure of 60mm × 23.5mm. We used FR4 substrate with the thickness 1.6mm and relative permittivity 4.62. The main radiating part of the substrate is used of meander line with 10 mm × 23.5 mm size. A 50Ω microstrip line is used to feed the monopole planar antenna, and is printed on the same substrate. On the other side of the substrate, there is a ground plane below the microstrip feed line. Fig.1(b) shows the simulated and measured return loss results of the optimized antenna. The measured bandwidths are 1.75∼2.25 GHz and 2.3∼2.6GHz.
Antenna Structure and Experimental Results
By adjusting some parameters like antenna size, substrate thickness and relative permittivity, meander line in this antenna structure, the operating impedance bandwidth for the PCS, IMT-2000, WLAN bands can be obtained. Length variation of the meander line was used main parameter. Fig. 2 shows variation of the return loss according to a function of N. N is defined number of bent slit. We optimized with increasing the number of N. At this time, meander line thickness is reduced according to increase in number N because antenna size is fixed. We obtained good result when the number of N is 4. In this study, operating resonant frequency and bandwidth can be easily obtained by adjusting the meandering number. 
SAR Computation and Test
The SAR, used in the assessment of mobile phones, is a measure of the amount of EM energy absorbed by biological tissue. The SAR is obtained by measuring the electric field in simulated human tissues in close proximity to the device and is calculated by the formula. In this section measured and simulated SAR value of the proposed internal planar antenna is presented. The SAR of the internal antenna is modeled using the commercial simulation tool SEMCAD based on FDTD. The advantage of using FDTD method is that it is simple to implement for the complicated, inhomogeneous structures of mobile phone antenna and the human head. The human head data consists of type of tissue using Tissue Dielectric Properties program provided by FCC. Table 1 shows the electrical properties of the brain. The SAR value is influenced by input power, using position of mobile phone, radiated power, distance between antenna and phantom. For the simulation test, we designed considering some important elements as the phone case, key pad and battery. A sine wave of 1.9 GHz is considered as the wave source. The 1 g peak averaged SAR is obtained through normalizing the input power of the wave at 1 W. Also monopole antenna is designed to compare with SAR of the proposed antenna. Table 2 shows the result according to the kink of the antenna typeaccording to the antenna type and position. As a result, the lowest SAR value was detected at mounted internal antenna on the down case of folder type phone. We tested the proposed antenna which was mounted in folder type phone. The test site condition was similar to the simulation one. Fig. ? ? shows result of the SAR distribution profile and SAR value variation by depth of human head at mounted internal planar antenna. Fig. 5 is in case of the external monopole antenna. In the internal antenna case, maximum 1 g average SAR value is 0.686 W/kg. On the other side, in case of external antenna SAR is 1.33 W/kg. The SAR caused by the proposed internal antenna is about 50% lower than the external monopole antenna.
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Conclusion
In this paper, a compact internal planar monopole antenna for PCS, IMT-2000 and WLAN bands has been proposed. This antenna was simulated and measured for SAR reduction. A good agreement between measurement and simulation has been obtained. The simulation is based on the FDTD method. We has also been studied correlation between the internal antenna and EMC problem.
